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Introduction
Nowadays combinations of metals and ceramics are receiving full attention as new materials. Applic-* To whom all correspondence should be addressed. 135
Literature data on the Ti-Si-C system
The only experimentally determined diagram of this system in the literature to the authors' knowledge is the one determined by Bruckl 2 at 1473 K (Fig. 1) After melting the alloys were equilibrated at the desired temperature in an alumina tube-furnace for about two weeks. The alloys were sealed in a molybdenum capsule, which was carried out by welding a Mo lid on a Mo cylinder under 0-66 bar Argon, in a vacuum chamber which had been evacuated to 10 -9 bar. In the tube-furnace a H2/N2 mixture (20/80 by volume) prevented the molybdenum capsule from oxidation. The titanium-silicon-carbon alloys were then sawn, ground and polished up to 1 #m diamond. Examination was done by optical microscopy using polarised light, electron probe microanalysis (EPMA) and X-ray diffraction.
The carbon analysis was performed by measuring the K~ intensity at 10 keV and 300 nA with Fe3C as a carbon standard using the PROZA correction program of Bastin & Heijligers. 6'7 To prevent the build up of a carbonaceous layer at the point of impact of the electron beam (system contaminations) an air-jet was used. For measuring Ti and Si, pure Ti and Si were used as standards. For the investigation of the equilibria in the Ti-Si-C system, several diffusion couples of the type TixSi~ x/SiC were also annealed at 1373K and 1523 K in a vacuum furnace (< 10 -9 bar, tungsten heating elements, shielded from the diffusion 
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Ti SiC 1 523, 1 373 Ti(C Si)/TisSi3Cx/TisSi3C ~ + TiC 1 jTi3SiC2/SiC /= Interface with phases on both sides in equilibrium. couple). Before annealing the couple halves were ground and polished up to 3/tm diamond and ultrasonically cleaned in acetone. After annealing for 100h, the couples were sawn with a low-speed diamond saw perpendicular to the interface between the couple halves. Next, these cross-sections were ground and polished up to l pm, again using diamond paste, and after polishing were ultrasonically cleaned in acetone. The reaction products formed between the two original couple halves are analysed by optical microscopy and EPMA. The equilibria at the phase interfaces should be the same as those given in the phase diagram, s Table 1 shows the composition of the alloys that were used to determine the phase diagram. The three analysing methods which were used gave consistent results. With microprobe analyses the composition of the different phases in the Ti-Si-C alloy in equilibrium was accurately determined. Figure 2 shows an example of an alloy with the phases/%Ti, TisSi3C x and TiC 1 _y as identified by EPMA. Table  2 gives the different diffusion couples that were annealed, giving the reaction products in equilibrium with each other. Figures 3 and 4 show the phase diagrams determined at 1373 K and 1523 K. The ternary compound TI has at 1373 K a clear homogeneity region, contrary to the line compound suggested by Bruckl 2 at 1473 K. At 1523 K a narrower homogeneity range is found. Also, the homogeneity range of the T2 phase and its compositions which are in equilibrium with TiC t_y are different from Bruckl's diagram. The Ti3Si phase is present at 1373 K and decomposes into T2 and /~-Ti when only very little carbon is added to the system. A similar behaviour can be seen in the case where a small amount of oxygen is present as a third compound. This probably explains why many authors do not find this phase in their experiments. In line with other authors 9 it is believed li 5S~
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TiCl -x that Ti3Si is destabilised by oxygen. Therefore experiments were performed to make Ti3Si from titanium rod and silicon single crystal and also from the respective powders. In the latter case the presence of adsorbed oxygen could surely be expected. Indeed Ti3Si was found in the first case and not in the alloy made from powders. In the latter case about 1 at.% oxygen was measured in T%Si 3. The present diagram fits well with the diagram calculated by Touanen et al. ~° for 1500K.
Diffusion couples
When two different materials are put together at high temperature diffusion will take place. After a sufficiently long time there will be equilibrium at the interfaces of the reaction products. In Fig. 5 a micrograph is shown of a reaction layer in a diffusion couple, taken by means of a scanning electron microscope. In this micrograph the phases that are in thermodynamic equilibrium with each other at the interfaces can be seen. The phases are identified with help of EPMA and shown in Table 2 .
In the semi-infinite couple between thick pieces of Ti and SiC equilibria between TisSi3Cx and TiC~ _y, between Ti3SiC 2 and TisSi3C x, and between TisSi3C x and the solid solution of carbon and silicon in titanium are found..In the case of the titanium foil between two pieces of silicon carbide, the metal has reacted completely. No initial titanium was left. As is expected from the phase diagram, the reaction products are TiSi 2 and Ti3SiC2, which are situated as a mixture between the two pieces of SiC. Finally, from the TiSi/SiC couples an equilibrium between TisSi3C x and TiSi 2 and between Ti3SiC 2 and TiSi z was found.
Conclusion
The phase diagrams of Ti-Si-C are now accurately determined at 1373 K and 1523 K and show some differences with the diagram known up to now. At 1373K the ternary T1 phase has a homogeneity range (about 1 at.% in C, 0.7 at.% in Si and 1"2 at.% in Ti) and seems to become a line compound at 1523 K. Also the shape of the homogeneity range of the T2 phase is different. It is clear that this phase is a solid solution of carbon in T%Si 3 without a change in the Ti/Si ratio. The stability of the Ti3Si phase is obviously strongly influenced by the presence of impurities like carbon and oxygen. With the help of diffusion couples it is possible to determine a great part of the equilibria between the phases in an isothermal cross-section of the phase diagram.
